rough numerical simulation based on the particle flow method, DEM numerical test samples were generated with the results of laboratory tests on standard sand. e method consists of the use of gravity deposition and radius expansion modeling of irregular sand particles, where samples of the biaxial test are assembled by generated long particle units. Different steps of deposition or initial stresses were applied during the sample generation process in order to simulate different sample states. e loads from the horizontal and vertical directions are, respectively, applied to samples, and then the stress-strain curve and macroscopic mechanical parameters are acquired. e numerical experiment results show that the gravitational deposits have significant impact on the major axis orientation arrangement of particles and on the average coordination number, as well as the initial stress has a significant effect on it. ere is a remarkable effect on the stress-strain curve and on the acquired mechanical parameters as a result of the application of load to samples from the horizontal and vertical directions. e sand samples show an obvious property of inherent anisotropy and stress-induced anisotropy.
Introduction
Sand is composed of discrete particles. e gradation, shape, size, and physical properties of particles determine the macromechanical properties of sand under different stress conditions. Anisotropy is a typical characteristic of sand.
ere are two types of sand anisotropy: inherent anisotropy and stress-induced anisotropy. Inherent anisotropy means that irregular particles show a tendency of directional arrangement because its particle structure is influenced by external factors like gravity and water in the deposition process. is directional arrangement has an effect on the microstructure of the sand and also shows the anisotropy in the macroscopic mechanical properties [1] [2] [3] . Stressinduced anisotropy means that the change of the stress state leads to the change of the mechanical properties and parameters of the sand when complex load is applied in different directions [4, 5] . Considering the microscopic mechanism of anisotropy, both the inherent anisotropy and stress-induced anisotropy can be attributed to the structural properties of the material itself. As sand particles have a nonspherical structure, this makes the particle arrangement, contact, and microstructure change under the action of the external load, which results in a macroscopic anisotropy.
From the macroscopic view, the main reason for the inherent anisotropy of sand is that the particles are arranged along the principal stress direction during the gravitational deposition process, and finally, the difference between the vertical and horizontal mechanical properties is formed on the macroscopic scale. e inherent anisotropy can be described by the elastic theory: vertical elastic modulus E v and Poisson's ratio v v , horizontal elastic modulus E h and Poisson's ratio v h , and shear strength G. In addition to the above, the vertical modulus E v is greater than the horizontal modulus E h . In terms of stress-induced anisotropy, Zhang and Yin [6] found that the stress-strain relationship of the soil under the complex stress state shows significant stress anisotropy, based on the true triaxial test. e internal mechanism of the inherent anisotropy and the stress-induced anisotropy is that the external conditions (gravity, load, water, etc.) change the microstructure of the soil, and thus, the soil shows different stress and deformation characteristics macroscopically. Based on the true triaxial test, Hoque and Tatsuoka [7] also concluded that the elastic modulus in the horizontal and vertical directions of the soil showed significant anisotropy under nonisotropic loading.
PFC2D (particle flow code in 2 dimensions) [8] is the general-purpose code based on discrete element method (DEM) put forward by Cundall [9] , which simulates movement and interaction of granular media, confirming particle's location and velocity in every moment according to the motion equation of translator motion and rotation. In this paper, PFC2D was used to establish several sets of irregular sand particles, to reveal the formation and development mechanism of soil anisotropy, by simulating the biaxial compression numerical test of standard sand, and loading from the horizontal and vertical directions, respectively. en, the stress-strain curve and the mechanical parameters were obtained in different directions, and the microscopic mechanism of two anisotropic conditions is explained by the micromechanic parameters such as the average coordination number and the normal contact force of the particles.
Introduction of the PFC2D and the Numerical Specimen

DEM and PFC2D.
Most of the former laboratory experiments and theoretical studies on soil anisotropy have assumed that the soil is a continuous and isotropic medium. Limited to the theoretical basis and experimental conditions, microanalysis of the structural causes of soil anisotropy cannot be carried out. DEM and PFC provide the conditions for microanalysis on the basis of traditional continuous medium research [10, 11] . e macroscopic mechanical behavior of the material analyzed in PFC was conducted by studying the microscopic parameters of the particles and obtaining the relationship between the microstructure and the macroscopic mechanical behavior. Chi [12] used PFC to simulate the formation and development of sand shear zone, and the principle governing sand was obtained under different confining stress. Jiang et al. [13] studied the formation mechanism of the soil shear zone by discrete element simulation of the plane strain biaxial test. Tong et al. [14] used the DEM to analyze the microstructures of anisotropic particles from the orientation of the major axis and void ratio of the particles.
ese studies have analyzed the effect of the change of microstructure on the macroscopic mechanical behavior of soil, which proved that PFC is an effective and powerful tool. In this paper, PFC2D is also used to study the anisotropic behaviors of sands under complicated stress states.
Method for Numerical Sample Preparation
e Calibration of Numerical Sample Parameters (1) e Results of Fujian Standard Sand in Laboratory Tests.
is paper is based on the laboratory triaxial test of Fujian sand [15] to calibrate the parameters. Fujian standard sand is a kind of well-graded medium sand. e macroscopic parameters obtained in triaxial tests are shown in Table 1 . In Table 1 , E 50 is the secant deformation modulus, corresponding to the slope of the stress-strain curve at half the peak intensity. υ 50 is the secant Poisson's ratio, which is on the lateral strain-loading direction strain curve, corresponding to half of the peak intensity cut line ratio, and φ is the internal friction angle calculated from the peak intensity of the stress-strain curve. ey are calculated using following equations:
where Δσ 1 is the major principal stress increment, Δε 1 is the strain increment in the direction of the major principal stress, Δε v is the volumetric strain increment, and σ 1f and σ 3f are the major principal stress and the minor principal stress at the peak intensity, respectively.
(2) Numerical Test Environment. e calibration of the microscopic parameters is determined by comparing the numerical results with the laboratory test results. e results of the laboratory test in this paper are the results of the triaxial test of Fujian standard sand described above. e numerical sample is a two-dimensional specimen, and PFC2D was used to simulate the biaxial test. e model for the numerical sample is shown in Figure 1 .
h and w represent the height and width of the numerical sample, respectively.
(3)
e Generation and Loading of Numerical Samples. Original PFC2D particles are standard discs, which differ greatly from the irregular shape of the actual sand particles. In order to simulate the irregular structure of the actual sand particles, several disc particles were assembled into a complex shape block, and relative deformation and displacement between the disc particles were limited. Only the contact between the blocks was taken into account without regarding the contact and force transfer between the disc particles constituting the block. e soil particles used in this paper are composed of three discs, and the comparison with the standard sand is shown in Figure 2 . e center of the three disc particles is on the same line, and the angle θ is the major axis orientation angle of the irregular element (the angle between the horizontal axis and that through the center line of the irregular element).
e numerical sample is formed by the radius expansion method as described by the following steps:
(1) Two-dimensional space was generated having a width and height of 50 mm and 105 mm, 2 Advances in Civil Engineering respectively, as shown in Figure 3 (a), and the radius expansion method was used to generate disc particles with parameters, as shown in Table 2 . e disc particles were evenly distributed, as shown in Figure 3 (b). In order to reduce the e ect of particle size, the ratio of the size of the biaxial specimen to the particle size satis es L/R > 30, so the minimum and maximum particle sizes of the particles were kept as 0.6 mm and 1.2 mm. e porosity area was 0.15, and its macroscopic mechanical properties were close to the dense sand. (2) A program was coded using the FISH language in PFC to record the center position and radius of the two-dimensional disk particles, and then the disc particles were removed. In the same position, the irregular elements were generated according to the principle of "Area and mass equivalent." e major axis orientation of the irregular elements was 0°to 180°randomly distributed, as shown in Figure 3 (c).
After the test was completed, the con ning pressure and the load were applied and subjected to a biaxial test. By adjusting the initial sample parameters in Table 2 , the macroscopic mechanical properties exhibited by the sample were consistent with the laboratory triaxial test results.
Parameter Calibration Results.
e initial microscopic parameters were adjusted until the macroscopic parameters of the model were similar to the macroscopic parameters obtained by the ordinary triaxial test. e nal microscopic parameters of the standard sand in Fujian are shown in Table 3 .
e macroscopic mechanical parameters, axial stress, and axial strain curves obtained from numerical experiments and the comparison with laboratory test results are shown in Table 4 and Figure 4 .
From Table 4 and Figure 4 , the parameter calibration of the irregular unit is basically the same as that of Shi [15] and the laboratory test results. However, from Figure 4 , the numerical model results of this paper are closer to the laboratory test results.
is also shows that the irregular particle unit is more suitable to simulate the real structure of the sand, and the numerical simulation of Fujian standard sand with the irregular particle unit is more realistic, and therefore, the numerical test of the wider stress path can be carried out on the basis of this sample.
Standard Sand Numerical Test Process and Results
Sample Preparation.
In order to nd out the di erence and relationship between the inherent anisotropy and stressinduced anisotropy of the sand, the same method and test environment and parameters were used for the anisotropic numerical samples.
(1) Test Environment and Parameters. e biaxial test is carried out with the experimental environment shown in Figure 2 , and the expected size of the specimen was 60 mm × 60 mm. e particle unit of the biaxial specimen was the irregular unit, and the microscopic parameter of the sample particle was calibrated with the parameter, as shown in Table 3 .
e two-axis numerical sample generation steps are as follows: rstly, a two-dimensional space of 100 mm and a width of 60 mm were generated, and then microscopic parameters were generated in the space.
e particle gradation follows a uniformly distributed disc particle, and irregular units were generated by using the program coded in the FISH language in PFC. e initial major axis of the regular element was randomly distributed. e original top wall was deleted, and a new top wall was regenerated at a height of 60 mm. Finally, the particles above the new wall were removed, and the numerical sample was generated.
Sample Loading and Control
e Stress Path of the Inherent Anisotropy.
e basic unit used in this test is an irregular unit which is under the action of gravity deposition, and the major axis orientation of particles was arranged in a speci c direction. In order to simulate the e ect of soil deposition on the microstructure and macroscopic mechanical properties of soil particles, the gravity was applied to the irregular unit, and the sedimentation occurred under the action of gravity. ree sets of Axial strain (%)
Reference [13] This article Laboratory test 
Note: k n is the normal sti ness of the particles, k s is the tangent sti ness of the particles, k n /k s is the tangential sti ness ratio, f is the coe cient of friction, R max is the maximum radius of the particles, R min is the minimum radius of the particles, and n is the porosity (area porosity).
samples were generated according to the number of gravity deposition sample steps, and then the gravity load was removed. e confining pressure of 100 kPa was applied to make the sample reach the initial equilibrium state. Sample number, the number of deposition steps, and the subsequent loading direction are shown in Table 5 . In Table 5 , each set of samples which has the same letter used the same number of gravity deposition steps. A slight initial stress was imposed in the horizontal and vertical directions to keep the sample stable. e stress increment was applied firstly in the horizontal direction and then the vertical direction to compare the macroscopic mechanical properties in the horizontal and vertical directions with the same initial sample.
e number of deposition steps in Table 5 refers to the time step in order to make the numerical calculation stable and select the time less than a critical time step, which is related to the frequency of each particle unit.
e numerical test stress path is shown in Figure 5 .
e Stress Path of the Stress-Induced Anisotropy.
In this experiment, six samples were divided into three sets according to the initial stress state (Table 6 ). e initial stress state of the two samples in each set was the same, and then three groups of samples were loaded from the horizontal and vertical directions, respectively. e stress-strain curves and macroscopic mechanical parameters of the samples in different directions were obtained. e stress path of the numerical test is shown in Figure 6 .
Test Results.
e stress-strain curves obtained from the horizontal and vertical loading are shown in Figure 7 , and the relative mechanical parameters are shown in Table 7 . e initial modulus refers to the stress and strain ratio when the strain of the load direction reaches 1%.
From Figures 7(a)-7(c), it can be seen that the stressstrain curves of the three groups show a common principle: the stress peak and the initial modulus at the time of loading in the vertical direction (deposition direction) are larger than those in the horizontal direction. Since the two samples in each set of tests experienced the same number of gravitational steps, they had the same porosity, cell size and sample size, and the initial state. e only difference between the two samples is that the load increment was applied in the horizontal direction for one and the other was loaded from the vertical direction. e macroscopic mechanical response in different directions shows obvious anisotropy. From the stress and strain curves of different deposition steps, it can be noticed that the larger the number of deposition steps, the greater the peak stress.
From Figures 7(d)-7(f ), the stress-strain curves obtained from the minimum principal stress direction (horizontal direction) of the three sets are higher than those obtained by loading from the maximum principal stress direction. e initial elastic modulus and the stress peak are larger than those obtained from the maximum principal stress direction. With the increase of the initial stress difference in the horizontal and vertical directions, the difference of the relevant mechanical parameters is also more obvious. It shows that the specimen exhibits obvious anisotropy after being subjected to unequal stress.
In the inherent anisotropic soil, the major axis orientation arrangement of the soil particles forms a macroscopic anisotropic layered foundation, making the elastic modulus of the deposition direction (i.e., vertical direction) larger than that of the horizontal direction.
But for the stress-induced anisotropy, the gravitational loading step is not applied, the sample is initially isotropic, and the particle arrangement does not have a major axis oriented arrangement. Because of the initial stress of the primary isotropic specimen, the initial stresses in the direction of maximum principal stress and minimum principal stress are different, resulting in different strain increments when stress increases are applied from different directions, so that the elastic modulus of the maximum principal direction is smaller than that of the direction of minimum principal stress. e difference in the principle of macroscopic stress and deformation is entirely due to the additional stress increment, which is a typical stress-induced anisotropy.
Anisotropic Microscopic Mechanism Analysis
Analysis of Microcosmic Mechanism of the Inherent
Anisotropy. From the macroscopic mechanical parameters and the stress-strain curves of the numerical experiments, it shows that there is obvious inherent anisotropy in different directions due to gravity deposition. In this paper, by analyzing the change of the major axis orientation and the change of the coordination number of the internal particles in the sample during the loading process, the occurrence and development of the inherent anisotropy were found from the perspective of the microstructure parameters.
e Effect of Major Axis Orientation on the Particles.
In order to analyze the specific principles of the microstructures in the gravitational deposition process, a program coded with the FISH language was used to track the changes of the major axis orientation of the particle units before and after gravity deposition. Prior to gravitational deposition, the major axes of the irregularly shaped units are randomly distributed and are approximately equal in each interval. Figures 8(a)-8(c) show the major axis distribution of the particles in the three sets of samples. In the figure, the abscissa is the angle between the center line axis of the Advances in Civil Engineeringparticle and the horizontal direction, and the ordinate is the proportion of the total particles in a certain range of angles. Figures 8(a)-8(c) show the distribution of the major axis orientation of the particles after di erent deposition processes. With the development of gravity deposition, the major axis orientation of the irregular unit changes obviously. In the angle range of (−90, −60) and (60, 90), particle major axis orientation was signi cantly reduced, and there was a decrease in the range of (−60, −30), but in the angle range of (30, 60) and (−30, 0), the particle major axis orientation was signi cantly increased. It is shown that the microstructure of the specimen changes under the action of gravity deposition, so that the arrangement of the particles in the sample is di erent in the horizontal direction and the vertical direction because the long-axis orientation distribution of the irregularly shaped granular unit is closer to the horizontal direction and make the contact of the particles in the direction of gravitational deposition tighter. is leads to the stress peak of the specimen in the vertical deposition direction, and the initial elastic modulus is larger than the horizontal direction, which is consistent with the principle of the inherent anisotropy.
4.1.2.
e E ect of the Average Coordination Number. Figures 9(a)-9(c) show the curves of the average coordination number in the sample during the loading process when the strain is less than 1%. e average coordination number in PFC refers to the average number of particles in contact with the surroundings in a measurement circle. It is used to describe the stability of particle samples which states that the greater the coordination number, the closer the contact between particles, and the more di cult the compression of the particle becomes. us, the sample is kept more stable in this direction. It can be seen from Figure 9 that when the load is applied from the horizontal and vertical directions, the change of the average coordination number of the particles is not the same. When the load is applied from the vertical direction (gravity deposition direction), the average coordination number of the particles at the same strain is higher than the average of it obtained from the horizontal direction.
e greater the number of particles in contact with each other in a measurement circle, the more stable the sample becomes, so when it is loaded from the vertical direction, the sample stability in the vertical direction is higher, and therefore, the sample has a smaller compression capacity in the vertical direction. At the same time, the initial elastic modulus and the stress peak in the vertical direction of Figures 7(a)-7 (c) are larger than those in the horizontal direction.
Figures 9(a)-9(c) show that with the increase of the number of gravity deposition steps, the contact coordination number increases too, indicating that the greater the number of gravity deposition steps, the particle contact becomes closer, and therefore, the compression of the initial modulus and the stress peak will be greater too.
Analysis of Microcosmic Mechanism of the Stress-Induced
Anisotropy. Stress-induced anisotropy is observed in specimens after being subjected to unequal initial stress states, and the anisotropy showed that the elastic modulus and stress peak in the direction of minimum principal stress were larger than those of the maximum principal stress.
is is signi cantly di erent from the inherent anisotropy. 
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e E ect of Major Axis Orientation on the Particles.
In the study of above inherent anisotropy, the particles were arranged along the particle center line axis before deposition occurred under the action of gravity. In the stress-induced anisotropy test, there is no gravity deposition step. e following is an example of the F1 and F2 samples to analyze the variation of the center line axis orientation of the particles in the stress-induced anisotropy test, as shown in Figure 10 . Figure 10 shows the change of the major axis orientation of the particles with the load increment in the horizontal direction (minimum principal stress direction) or the vertical direction (maximum principal stress direction), and the particles do not produce obvious layer arrangement. is indicates that, for the stress-induced anisotropy of the specimen, the long-axis orientation of the irregular element particles is not the main cause of the sample's anisotropy in the horizontal and vertical directions. For stress-induced anisotropy, before the application of unequal stress, the sample had formed a certain degree of density, the particle unit contact was close, and the friction was relatively larger.
e force is applied through the plate or test instrument at the end rather than applying directly to each particle above, so the particles will have a greater rotation and larger frictional resistance. For the inherent anisotropy, the major axis orientation of the particle unit changes obviously after the sample is completely formed. However, for the stressinduced anisotropy, due to the large frictional and rotational torque, the energy of the particle itself is small and the center line axis orientation of the particle unit is di cult to change, so the change of the center line axis orientation of the particle contributes little to the stress-induced anisotropy. Figure 11 , the curves of the average coordination number are presented. e specimens are in the same initial stress state, since the initial stress is not equal in the horizontal and vertical directions, and the average coordination number of particles varies with the strain increment when they are loaded from the horizontal and vertical directions. When the load is applied from the horizontal direction (minimum principal stress direction), the average coordination number of the same strain particles is higher than the average number of particles in the vertical direction (maximum principal stress direction). e larger average coordination number stabilizes the sample more; so when it is loaded from the minimum principal stress direction due to the maximum principal stress constraints, the sample stability is higher. Hence, there will be an initial modulus and stress peak of the minimum principal stress direction which is higher than those of the maximum principal stress direction. In addition, as shown in Figures 11(a)-11(c) , the di erence between the initial stress in the horizontal and vertical directions is large.
e E ect of the Average Coordination Number. In
e greater the coordination number obtained in the horizontal direction is, the smaller the coordination number obtained in the vertical direction becomes. It is more di cult to compress the sample from the horizontal direction, but from the vertical direction, the opposite is observed. erefore, the sample will show macroscopically that, with the increase of the initial anisotropy stress, the di erence between the initial elastic modulus and the stress peak in the horizontal direction and the vertical direction is larger, as shown in Figures 7(d)-7 (f ). 
e E ect of the Contact Force between the Particles.
e microscopic mechanism of stress-induced anisotropy in soil is also re ected in the contact force distribution. During the loading process, the contact force variation between the particles in the sample is di erent when the samples are loaded from the horizontal direction and the vertical direction. Figures 12 and 13 show the distribution of particle normal contact force and direction during the process of loading from horizontal and vertical directions when the samples F1 and F2 are in the initial stress state of 300 kPa and 150 kPa. Each dot in the graph represents contact force between two particles, and the distance from the origin of the coordinates represents the magnitude of the contact force.
e di erent quadrants and dots of di erent positions also represent the direction of the contact force. e more the dots are in the vertical direction, the more inclined this distribution is. In addition, the gure also gives the horizontal and vertical contact force of the average. When the strain is 0 (before loading), the horizontal and vertical directions of the normal distribution are oval, and the major axis is in the vertical direction. is shows that the distribution of the particle normal contact force and direction are the same before the loading of the two groups, as shown in Figures 12(a) and 13(a) . But when the two groups of samples were loaded from the horizontal and vertical directions, the distribution of the particle normal contact force and direction was signi cantly di erent with the strain increment. When the load is applied in the horizontal direction (minimum principal stress direction), the normal contact force in the horizontal direction increases rapidly with the increase of the strain, and the vertical direction (the direction of the maximum principal stress) changes slightly. e distribution of the contact force gradually changes from elliptical to circular. is means that the advantage of the distribution of the contact force in the vertical direction tends to reduce as the loading progresses. As the strain increment continues to increase, the contact force in the horizontal direction starts to exceed the contact force in the vertical direction. e particle movement is di cult in a relatively stable state, so the elastic modulus and peak stress are larger when loading from the horizontal direction. When the load is applied in the vertical direction, the distribution of particle normal contact force gradually increases, the di erence in the contact force between the vertical and horizontal directions of the particles increases from the beginning, and the movement of the particles is easy. When it is loaded from the vertical direction, the specimen's modulus and stress peaks will be lower than the relevant parameters obtained from the horizontal direction.
e Di erences and Relations between the Two Kinds of
Anisotropy. Analyses are conducted on the two kinds of anisotropy of soil in detail, and there are some relations and di erences between them. e microscopic mechanism of the two kinds of anisotropy is uniform. Both the inherent anisotropy and the stress-induced anisotropy are mainly caused by the di erent distribution and arrangement in di erent directions in soil microstructure, such as directional distribution of major axis of the particle unit, the arrangement of particles in space pore distribution, and the average coordination number of particles.
However, there are some di erences between the forms of expression of the anisotropy. In the course of deposition, the particles easily rotate and loose contact between each other. When the particles are subjected to gravity, the layers are arranged in the horizontal direction, resulting in tight contact in the vertical direction and di culty in compression. e stress peak and the elastic modulus in the vertical direction are larger than those in the horizontal direction, which are called inherent anisotropy. e contact between particles is not lost as the before gravity deposition condition, and there is a strong force between particles and hence it is not easy to rotate; this is called the stress-induced anisotropy.
e soil sample is subjected to an unequal initial stress state, resulting in differences in the horizontal and vertical distributions of the contact force and the coordination number. In the late loading process in the vertical direction (maximum principal stress direction), the shear trend increases from the commencement of loading. In the horizontal direction (minimum principal stress direction), the shear trend of sample decreases first and thereafter increases. e sample undergoes a gradual compression and stability process.
erefore, the stress peak and elastic modulus in the final horizontal direction are larger than those in the vertical direction.
Conclusion and Discussion
As a discontinuous discrete material, the mechanical properties and research methods of sandy materials are quite different from those of continuous materials. Because of the discreteness of the particle structure the sandy materials show an obvious anisotropy on the macroscopic scale under the action of gravity or under the condition of unequal stress.
e generation of this anisotropy is also closely related to the microstructural properties of the bulk material. In view of the limitations of the research methods of discontinuous discrete materials and the complexity of laboratory tests, the numerical simulation software of particle flow (PFC2D) was adopted in this paper. A group of plane biaxial specimens was established by gravity deposition and radius expansion method. Stress and strain curves and macromechanical parameters in different directions under different conditions were obtained by loading in horizontal and vertical directions.
e macroscopic anisotropy was analyzed and explained from the microscopic point of view, using the parameters of particle orientation, and coordination number, and the magnitude of the particle indirect contact force as an index. e conclusions are as follows:
(1) In this paper, numerical results of an irregular element are closer to the results of the triaxial test of the standard sand sample. e proposed irregular unit is more suitable for the shape characteristics of soil particles than the original disk unit in PFC. Based on this numerical specimen, a numerical test of a more extensive stress path can be carried out. (2) In the process of gravity deposition, the particle units are obviously arranged in layers. is arrangement gives the soil more contact and compression in one direction than in the other. In the later loading process, the soil shows obvious anisotropic mechanical characteristics. (3) e stress-induced anisotropy of soil is produced by the interaction of the irregular internal structure and external unequal stress. e change of the internal structure of the soil is concomitant with the change of the external stress state. e fundamental reason for the anisotropy is that the microstructure of the material has undergone uneven changes, but the reason for this change is the role of external load. (4) e reasons for the two kinds of anisotropy can be attributed to the inhomogeneous changes of microstructure and to the micromechanical mechanism, but there are differences in their forms of expression. (5) In this paper, the PFC simulation of sand inherent and stress-induced anisotropy is carried out. It is suggested that a scale numerical test tool will be established by numerical simulation of the completed macrounit tests. e reliability of the discrete element numerical tools is preliminarily verified by comparing with the results of unit tests. e numerical experiments under more extensive stress path can be carried out, and the stress and strain of granular materials under complex stress conditions are obtained. It provides a reference for the macroscopic mechanism of the macroscopic mechanical behavior of granular materials and for establishing the macroscopic constitutive model of rock.
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